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Abstract 
The present study was conducted to determine the appropriate type of by-products {sugar beet pulp (SBP), grape 
seeds (GS), olive cake (OC), citrus pulp (CtP), and jojoba meal (JM)} fermented with activated effective 
microorganisms (EM-Bokashi) to be integrated into the diet of sheep to obtain the best nutrient digestibility and 
rumen characteristic of Barki sheep. An in vitro experiment was carried out on five fistulated females for rumen 
fermentation activity, while 15 males were used for digestibility trials. Treatment with EM caused less cell wall 
content. GS and CtP had higher feed intake (FI) and digestibility coefficients; the lower was found for JM as well 
less FI. SBP and JM had a higher pH and NH3 concentration, while they were less for GS and CtP. Those had higher 
total volatile fatty acids (TVFA's) concentration, percentage of acetate, and acetic to propionic (A/P) ratio. JM had 
less acetate, A/P and higher propionate and butyrate. Higher gas volume after 24h fermentation was noticed for 
GS and CtP, they were higher kinetic parameters as well, but they were less methane production and more ME 
(MJ/kg DM), OMD (%) and microbial protein syntheses. Therefore, in conclusion, feeding Bokashi of GS or CtP to 
sheep can improve productivity, while using Bokashi of JM should be combined with other feeds. 
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INTRODUCTION 
In Egypt, animals were suffering from increasing cost of conventional animal 
feeding and shortage of feed ingredients, especially in summer season, and 
continuously increasing in the costs (Bendary et al., 2000). Therefore, alternative 
other cheap feed sources such as by-products can be beneficial for increasing the 
profitability of ruminant nutrition (Duru and Kaya, 2015). There is an increasing 
interest in the utilization of a large number of industrial by-products (Santana-
Méridas et al., 2012), such as sugar beet pulp (SBP), grape seeds (GS), olive cake 
(OC), citrus pulp (CtP), and Jojoba meal (JM) are commonly used in the animal 
feeds. There were many previous studies on the utilization of fruit pulp 
(Gobindram et al., 2017); sugar beet leaves silage in animals feed may solve some 
problems of feeds shortage (Bendary et al., 2000). As, SBP includes high level of 
soluble fiber such as pectin and glucans (Fadel et al., 2000). Moreover, some of 
these by-products such as GS and OC have applications in animal nutrition 
because of their highly amounts of bioactive components, especially polyphenols 
(Santos et al., 2014). Using polyphenols in small ruminant nutrition offers a 
convenient solution to the utilization of residues enhancing from agricultural 
activities, a reduction of the feed cost and demand for imported feedstuffs, 
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reduction of methane emissions, better animal health, and improved antioxidant status of the animals (Correddu et 
al., 2020). In addition, OC are described by having considerable percentage of crude fiber (27-41%) (Ohlade and 
Becker, 1982), high oil content reached to 10.15% (Bashir, 2011) and low crude protein (7.26%) (Nefzaoui et al., 
1983). Most by-products could be used as a source of energy (e.g., CtP), protein (e.g., JM), and soluble fibers (e.g., 
SBP) or less digestible roughage (e.g., GS). Most of them are very rich sources of energy as about 80% of their DM 
consists of polysaccharide. However, their digestibility is usually low which reduces feed intake (FAO, 2002). These 
could be due to the presence of tannins, oxalate and polyphenols, which associates with their ability to combine 
with dietary protein and inhibit their digestion and utilization (McSweeney et al., 2001). 
 Thus, effective microorganisms (EM, is a brand name developed by prof. Teruo Higa, Sangakkara, 2002) could 
be better used as biological inoculant and to improve the nutritive value of conventional (high fiber feedstuffs) and 
non-conventional feed stuffs (high anti-nutrition content and fiber). The main types of microbes in EM are lactic 
acid bacteria such as Lactobacillus and Bifidobacterium (Miller et al., 2014), yeasts, photosynthetic bacteria, and 
actinomycetes, among other types of microorganisms such as fungi (Xu et al., 2000). The use of EM was proved to 
increase income and profits, easy application and at the same time protection of the environment (Jason, 2012). EM 
is being effective in overcoming environmental issues and its role in facilitating the reuse of most wastes and 
environmental management (Higa and Wididana, 2007). Meanwhile, it can balance the micro-flora in the animal 
intestines thus increases feed conversion and weight gain (Higa, 1996). 
 One form of EM application to animals is EM Bokashi which had a good microbial carrier for promoting 
settlement of the microorganism. The efficacy of EM-Bokashi when used to treat crop residues has not been well 
investigated. Therefore, this study was initiated to find out the effect of five crop residues (SBP, GS, OC, and CtP and 
JM) activated with EM Bokashi fed to sheep on their nutrient’s digestibility and rumen fermentation. 
 
MATERIALS AND METHODS 
 This study was carried out at El-Nubaria Research Station of Animal Production Research Institute, Egypt in 
accordance with the standards of animal care and used for scientific purposes approved by the Ethics Committee of 
Faculty of Agriculture, Tanta University-Egypt (No. AY2019-2020/ Session 6/ 2020.01.13). Five different EM-Bokashi 
mixtures were prepared as presented in Table 1.  
 Molasses was dissolved into the water, then EM was added to the liquid and mixed thoroughly, then the liquid 
mixed thoroughly into the tested ingredient (SBP etc.). The moisture was tested to evaluate if needed to add more 
water (35%) or not. Then the mixture was putted into a container, pressed down and covered tightly, and then it 
let for fermentation for two weeks. After the certain period, Bokashi was fed ad libitum (9.0 -16.0) to sheep in 
addition to restricted quantity of barley (250 g/h/d, at 10.0). Chemical composition of Bokashi after the fermented 
period is illustrated in Table 2. 
Table 1. Ingredients of different types from Bokashi 
Items 
Bokashi 
SBP GS OC CtP JM 
Rice Straw, kg 100 100 100 100 100 
Ground Corn, kg 25 25 25 25 25 
Sugar beet pulp, kg 25 - - - - 
Grape seeds, kg - 25 - - - 
Olive cake, kg - - 25 - - 
Citrus pulp, kg - - - 25 - 
Jojoba meal, kg - - - - 25 
EM, ml 150 150 150 150 150 
Molasses, ml 150 150 150 150 150 
Water, liter 15 15 15 15 15 
SBP: Sugar beet pulp treated with EM-Bokashi, GS: Grape seeds treated with EM-Bokashi, OC: Olive cake treated with EM-Bokashi, CtP: Citrus 
pulp treated with EM-Bokashi, JM: Jojoba meal treated with EM-Bokashi 
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Table 2. Chemical composition of experimental rations after Bokashi fermentation 
Items 
Bokashi 
SBP GS OC CtP JM 
DM 31.18 32.42 33.60 28.77 30.18 
OM 84.12 84.26 83.30 83.66 84.46 
CP 5.92 5.40 5.80 5.48 7.90 
CF 27.71 27.31 29.13 27.18 25.81 
EE 36.62 36.29 39.57 35.59 37.18 
NFE 1.33 1.59 2.06 1.30 1.54 
Ash 15.88 15.74 16.70 16.34 15.54 
NDF 53.17 52.71 55.22 49.88 51.83 
ADF 36.22 35.50 38.91 33.94 37.10 
ADL 8.56 8.53 8.91 8.49 8.69 
SBP: Sugar beet pulp treated with EM-Bokashi, GS: Grape seeds treated with EM-Bokashi, OC: Olive cake treated with EM-Bokashi, CtP: Citrus 
pulp treated with EM-Bokashi, JM: Jojoba meal treated with EM-Bokashi. DM: dry matter, OM: organic matter, CP: crude protein, CF: crude fiber, 
NFE: Nitrogen free extract, EE: ether extract, NDF: neutral detergent fiber, ADF: acid detergent fiber, ADL: acid detergent lignin 
 
 Digestibility trials were conducted in fifteen adults' male from Barki breed sheep (weighed 53.50±2.00 Kg). 
Animals were housed in metabolic cages for each treatment. Sheep were kept on the diets for a preliminary period 
of 21 days, and during the next 7-days, total feces and urine were collected. Sub samples (20%) of feces and urine 
were taken once daily and frozen until analyses. The chemical composition (percentage) of barley and different 
types of Bokashi are presented in Table 3. 
 
Table 3. Chemical composition (%) of barley and different types of Bokashi 
Items Barley 
Bokashi 
SBP GS OC CtP JM 
DM 87.58 34.31 35.14 35.66 29.63 32.08 
OM 96.79 89.88 87.64 88.13 90.16 88.44 
CP 11.43 5.92 5.16 5.19 5.11 7.40 
CF 8.11 37.70 34.13 35.73 30.57 32.18 
EE 2.53 1.33 1.85 2.06 1.44 1.54 
NFE 74.72 44.93 46.50 45.15 53.04 47.32 
Ash 3.21 10.12 12.36 11.87 9.84 11.56 
NDF 22.64 74.35 72.85 74.52 71.05 72.26 
ADF 7.58 38.56 37.46 38.98 36.73 37.11 
ADL 2.06 11.46 10.85 12.38 10.16 10.44 
SBP: Sugar beet pulp treated with EM-Bokashi, GS: Grape seeds treated with EM-Bokashi, OC: Olive cake treated with EM-Bokashi, CtP: Citrus 
pulp treated with EM-Bokashi, JM: Jojoba meal treated with EM-Bokashi. DM: dry matter, OM: organic matter, CP: crude protein, CF: crude fiber, 
NFE: Nitrogen free extract, EE: ether extract, NDF: neutral detergent fiber, ADF: acid detergent fiber, ADL: acid detergent lignin. 
 
 Fecal samples were dried at 60 ºC for 72h. Feed and fecal samples were ground through 1 mm screen on a Wiley 
mill grinder and a sample of 50 gm/treatment/sheep was taken for analysis. Samples of feed and feces were 
analyzed for crude protein (CP), crude fiber (CF), ether extract (EE) and ash, while urine samples were analyzed to 
determine its content of nitrogen (N) according to AOAC (2005). Cell wall constituents were determined for neutral 
detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) using Tecator Fibertec System 
according to VanSoest (1982).   
 Rumen liquor samples were taken at 0, 3 and 6 hours after the morning meal from five fistulated adult female 
sheep (weighed 48.00±1.6 Kg BW) applying 5x5 Latin square design experiment. Collected rumen liquor was 
directly tested for pH using Orian 680 digital pH meter. Samples strained through four layers of chesses cloth for 
each sampling time, while ammonia nitrogen (NH3-N) was estimated by AOAC (2005). Total volatile fatty acid 
(VFA’s) concentration was estimated by using steam distillation methods (Warner, 1964). Rumen volume was 
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determined by the calorimetric method using Cr-EDTA before and after, three and six hours of feeding according to 
El-Shazly et al. (1976).  
 
 In vitro gas production experiment  
 Rumen fluid was obtained from five fistulated female Barki sheep that were previously fed Berseem hay ad 
libitum. Two hundred (200) mg of diet samples (Effective Microbes (EM) Bokashi), were placed in triplicates in 100 
ml calibrated syringes. About 30 ml inoculums containing (cheese-cloth) strained rumen liquor and buffer solutions 
(1:2 v/v) under constant flushing with CO2 were incubated. The liquor was collected into pre-warmed thermos 
flasks. Ingredients of the buffer solution were 9.8 NaHCO3 + 2.77 Na2HPO4 + 0.57 KCl + 0.47 NaCl + 2.16 MgSO4.7H2O 
+ 0.16 CaCl2.2H2O. Incubation was carried out at 3, 6, 12 and 24 h at 39 oC. At post incubation period, the gas 
production was measured at 3, 6, 12 and 24 h. Average volumes of gas produced from the blanks (contained only 
the inoculums and buffer) were deducted from the volume of gas produced per sample. Rates and extent of gas 
production for each substrate were determined using the linear equation: Y = a + b (1 – e -ct) (as described by Orskov 
and McDonald, 1979), where: Y = volume of gas produced at time "t"; a = intercept (gas produced from the soluble 
fraction); b = potential gas production (ml) from the insoluble fraction; c = gas production rate constant (h-1) for 
the insoluble fraction (b); t = incubation time.  
 The organic matter digestibility (OMD %) and metabolizable energy (ME, MJ/kg DM) were calculated from the 
gas volume and CP content (%) using the equation of Menke and Steingass (1988): % OMD = 14.88 + 0.889 × Gv + 
0.45 × %CP and ME = 2.20 + 0.136 × Gv + 0.057 × % CP. 
 Short chain fatty acids (SCFA) were estimated as (Getachew et al., 1999). 
  
 Methane determination 
 Methane volume (ml) and the percentage of methane in the total gas were determined according to Fievez et al. 
(2005). 
  
 Statistical analysis  
 Data were subjected to one-way analysis of variance (ANOVA) procedure of SAS (2000), using the completely 
randomized design. Significant means were ranked using the Duncan's multiple range test of the same package. 
Mean differences were considered significant at P <0.05. 
 
RESULTS AND DISCUSSIONS    
Chemical composition of Bokashi types 
The chemical composition of the experimental Bokashi (Table 2) showed that jojoba meal (JM) had the higher 
CP contents followed by sugar beet pulp (SBP), while grape seeds (GS), olive cake (OC) and citrus pulp (CtP) had 
quite similar CP contents. Crude fiber and its fractions were noticed to be higher for SBP and OC, lower amounts 
was found for CtP. Higher carbohydrate was shown by CtP, lower ash was observed for CtP and OC, which reflected 
on OM content. High NDF and ADF content was reported by OC and SBP. While, OC had the highest EE, which could 
be related to the more oils left after extraction, it was followed by GS. After fermentation period, the contents of OM, 
CF, NFE, NDF, ADF and ADL were declined, while CP and Ash were increased (Table 3).  
These results are in the same trend with those reported by Yonatan (2010) and Mulugeta (2015). On the other 
hand, Bruchem (1998) reported that CP content of EM treated silage was slightly lower than that of untreated silage. 
This may be due to the microbes used for their growth and multiplication process has utilized part of the nutrient. 
The increment in CP content of the silages treated with EM is due to bacterial growth during anaerobic fermentation. 
The microbes which were found in the EM efficiently molder the carbohydrate and produced energy to synthesize 
protein and these causes modifications in the concentration of cellulose (Yonatan et al., 2014). The increase of CP 
was the reflection of the decrease in CF (Chandra et al., 1991). 
Reduction in NFE for all groups can be related to the consumption of these carbohydrates by microorganism as 
energy source for their growth and multiplications. In a similar study by Mertens (1977), he stated that many 
bacterial species are using steroids as a sole carbon and energy source, that way degrading steroids totally to carbon 
dioxide and water. Meantime, increasing ash content may be due to the degradation of OM of ration by 
microorganisms (Ahmed, 1998). However, chemical composition of CtP was similar to those reported by Bampidis 
and Robinson (2006), showing low CP and NDF contents. On the other hand, values of NDF and ADF for SBP were 
in agreement with the literature (Evans and Messerschmidt, 2017), confirming that SBP is a feedstuff rich in soluble 
fiber. Al-Asfour (2009) reported that when SBP was treated with Trichoderma reesei, the OM, CF, NDF, and ADF 
contents were decreased and CP and ash content were increased. Similarly, Israilides et al. (1994) found that 
fermentation of SBP increased CP content, contrary, ash and lignin contents were recorded to be similar with those 
of untreated SBP. These differences in chemical composition may be due to environmental conditions, vegetation 
period of plant and storage conditions. The current chemical analysis (%) of different types of Bokashi are 
comparable to the values stated by Steen (1989) who stated that silages treated with microbial inoculants exhibited 
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improvement in chemical composition.  
It's well known that NDF content up to 55% determined a limited DM intake, thereby is in conflict with the 
productivity of animals (Van Soest and Robertson, 1985). In the present study values of NDF of EM-Bokashi ranged 
from 49 to 55%. The reduction in cell wall components might be attributed to the role of fungi and bacteria in 
breakdown of lignocelluloses bonds resulting into hydrolysis of cellulose (Fayed et al., 2009). Fazaeli et al. (2004) 
indicated that fungi treatment solubilized and use of the cell wall components as carbon source. The current results 
agreed with the results of Mulugeta (2015) who reported that treating crop residues by EM tented to reduce NDF 
and ADF content. Furthermore, Hassan et al. (2015) noted that treatment of rice husk with P. ostreatus decreased 
the cell wall components as compared to untreated one. In contrast, EM treated wheat bran had higher NDF content 
than untreated wheat bran (Bruchem,1998). The range of variation in chemical composition among by-products 
was in line with previous studies (Abbeddou et al., 2011; Goula and Lazarides, 2015). Based on the chemical 
composition of CtP (low fiber, low protein), high digestibility and high rumen degradability, Bokashi can be 
considered as a by-product with potentially high-energy value, which can be incorporated in ruminant diets as 
replacements for other feedstuffs that constitute the main source of energy.  
 
Gas production and kinetic parameters of ruminal fermentation 
Data in Table (4) presented the gas produced and kinetic parameters as a result of fermentation. Generally, in 
vitro gas production volume was affected by type of residual source. During the first 24 hours of incubation, gas 
production of Jojoba ration was significantly very low (P <0.05) compared to other residues types. While, grape and 
citrus rations showed the highest (P <0.05) gas volume (G24), a and b kinetics value, and fastest rates of fermentation 
(c). These results indicated that CtP and GS were fermented more extensively and at a faster rate than the other by-
products used in the current study. Moreover, CtP was the most digestible by-products. As it contained less NDF 
and ADF and thus was more degradable and digestible than other groups. Moreover, CtP is known for its high soluble 
carbohydrates and rapid NDF digestion (Bampidis and Robinson, 2006). In general, reducing in CH4 emission from 
EM supplemented animals was reported by Woju (2012). 
Table 4. In vitro cumulative gas production volume and kinetics parameters (ml/200 mg DM), methane 
production, metabolizable energy (ME), organic matter digestibility (OMD), and microbial protein (MP) at 
different incubation times for experimental treatments 
Items Bokashi 
SEM P Value 
SBP GS OC CtP JM 
Gas production volume 
3 h 5.1 b 5.6 a 4.9 b 5.5 a 4.4 c 0.21 0.006 
6 h 9.2 b 9.9 a 9.0 b 9.6 a 8.7 c 0.37 0.002 
12 h 15.6 b 16.5 a 15.1 b 16.3 a 14.3 c 0.25 0.001 
24 h 22.1 b 23.7 a 21.5 b 23.4 a 20.1 c 0.35 0.006 
Kinetic parameters 
A 2.6 ab 2.8 a 2.4 b 2.7 a 2.1 c 0.11 0.001 
B 18.3 b 18.9 a 18.0 b 18.7 a 17.5 c 0.27 0.017 
C 0.08 b 0.09 a 0.08 b 0.09 a 0.07 b 0.01 0.041 
T 11.4 ab 11.7 a 11.2 b 11.6 a 10.8 c 0.16 0.026 
Y 12.50 b 14.12 a 12.07 b 13.86 ab 10.39 c 0.44 0.031 
ME, MJ/kg DM 7.60 b 7.90 a 7.42 b 7.81 a 7.22 c 0.17 0.004 
OMD, % 50.05 c 53.68 a 50.65 bc 50.99 b 49.66 d 0.36 0.008 
MP, g/kg DM 96.60 bc 103.61 a 97.77 b 98.42 b 95.86 c 1.07 0.002 
CH4, ml  7.13 a 7.07 a 6.74 b 6.89 ab 5.89 c 0.18 0.018 
CH4, % 32.26 a 29.86 bc 31.39 b 29.48 c 29.34 c 0.94 0.029 
SBP: Sugar beet pulp treated with EM-Bokashi, GS: Grape seeds treated with EM-Bokashi, OC: Olive cake treated with EM-Bokashi, CtP: Citrus 
pulp treated with EM-Bokashi, JM: Jojoba meal treated with EM-Bokashi. a,,b,c and d Means within rows with different superscripts are significantly 
different (P <0.05). a: Gas production from the immediately soluble fraction, b: Gas production from the insoluble fraction, c: Gas production rate 
constant for the insoluble fraction, Gas (96 h)/0.5 g DM substrate: Cumulative gas production at 96 h (mL/0.5 g DM substrate). 
 
The presence of polyphenols in GS have evidenced the reduce of CH4 emissions, as observed in previous work 
(Correddu et al., 2020), considering that a negative correlation exists between the anti-methanogenic activity of 
polyphenols and methanogens (Bhatta et al., 2009). Opposite results in our study were attributed to EM-Bokashi. 
As reviewed by Vasta et al. (2019), the decrease in CH4 production could be due to a direct or indirect consequence 
of using tannins, in particular the inhibition of microorganisms in fiber digestion. In other means, the reasons for 
decrease of CH4 production are the interactions between secondary metabolites and ruminal microorganisms, 
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furthermore a decline in hydrogen ions because the feed degradability is lower (Tavendale et al., 2005). Likewise, 
there was a tendency to increase the ME as a result of Bokashi with CtP and GS more (P <0.05) than SBP and OC, 
while it was less for JM as compared to other types of Bokashi. In the same trend, the maximum microbial protein 
(MP) production was higher (P <0.05) for GS group than those in other groups. Lower (P <0.05) MP was obtained 
for SBP and JM rations, while intermediate MP was recorded for olive and citrus rations. However, these was 
reflected with the value of OMD whereas, it was high (P <0.0.5) for GS rations, intermediate for olive and citrus 
rations, while lower for SBP and JM rations.  
Data of in vitro experiment indicated that GS had higher percent of OMD (P ˂0.05) compared to other groups. On 
the contrary, the using of JM lowered OMD (%) compared to other rations. The wide range detected in chemical 
composition led to large variability in in-vitro digestibility and fermentation kinetics. Mulugeta (2015) and Yonatan 
(2010) reported that treatments of different crop residues resulted in the improvement of IVOMD as compared to 
untreated roughages. 
According to Yonatan et al. (2014), the improvement in in vitro DMD of the coffee husk silages ensiled with EM 
could be due to the reduced percentage composition of the lignin, ADF and related anti-nutritional factors of coffee 
husk treated with EM. The yeasts and bacterial species present in the EM may positively affect in feed degradability 
and resulted in the corresponding in-vitro DMD of the treatment silages. Particularly, the role of yeast in the EM 
solution had important because yeasts have been reported to utilize feeds with high structural components 
(Maurya, 1993). These microbes may have stimulated the activity of beneficial microbes, especially the cellulolytic 
organisms.  
Results in Table 4 indicated that there was a significant difference between groups in CH4 production in ml and 
CH4 production in percentage. Whereas, values of both of them tended to decrease in JM, as it reached its lowest 
value. While, CH4 production in ml was significantly (P < 0.05) higher for SBP and GS. Also, SBP recorded the highest 
value to CH4 production in percentage. 
 
Nutrient’s digestibility  
Feed intake and nutrients digestibility for sheep fed the experimental rations presented in Table (5). In the 
present study, there was a significant difference in total DMI among treatments, with the highest value (961.89 and 
956.57 g/day/animal) recorded by CtP and GS diets, respectively. These could be related to the more Bokashi intake 
and the less content of CF, in addition to the high digestibility of CF and the cell wall components. While, the least 
value (807.52 g/day/animal) was recorded by JM ration. Total DMI of animals became higher when EM was included 
(Deribe et al., 2017). There were many factors that are related to total DMI such as production of fiber degrading 
enzymes and microbial growth which could have been resulted in favorable rumen environment (McDonald et al., 
2010). 
Digestibility of DM, OM, CP were higher (P <0.05) for sheep fed EM-Bokashi of SBP and CtP than those of other 
groups, probably due to that CtP had higher content of energy substrates for ruminal microbes, including both 
soluble carbohydrates and rapidly digested NDF. Bokashi of CtP and GS have higher CF, NDF and ADL digestibility 
coefficients. GS and OC were more efficient to improve (P <0.05) nutrients digestibility of EE. While, the lowest of 
EE digestibility was detected significantly (P <0.05) by JM, which showed low digestibility coefficients of all 
nutrients.  
Table 5. Nutrient’s digestibility of sheep fed the experimental diets 
Items 
Bokashi 
SEM P Value 
SBP GS OC CtP JM 
       
Barley Intake, g/h/d 218.95 218.95 218.95 218.95 218.95 0.00 0.00 
Bokashi Intake, g/h/d 630.61 b 737.62 a 617.37 bc 742.94 a 588.57 c 32.71 0.041 
Total DMI 849.56 b 956.57 a 836.32 bc 961.89 a 807.52 c 29.61 0.033 
Digestibility  
DM 63.51a 62.88 ab 61.55 b 63.33 a 58.45 c 1.58 0.016 
OM 65.32 a 63.49 b 63.06 b 65.42 a 59.96 b 0.83 0.003 
CP 63.61 a 62.42 b 60.41 c 63.36 a 59.57 d 0.41 0.019 
CF 59.49 b 60.76 a 59.04 b 60.89 a 46.37 c 0.66 0.001 
EE 70.12 c 77.21 a 76.46 a 74.72 b 63.32 d 1.38 0.001 
NDF 54.76 b 56.17 a 55.37 ab 56.06 a 51.07 c 0.71 0.021 
ADL 48.37 b 49.55 a 48.89 b 49.67 a 44.62 c 0.45 0.004 
SBP: Sugar beet pulp treated with EM-Bokashi, GS: Grape seeds treated with EM-Bokashi, OC: Olive cake treated with EM-Bokashi, CtP: Citrus 
pulp treated with EM-Bokashi, JM: Jojoba meal treated with EM-Bokashi. a,,b,c and d Means within rows with different superscripts are significantly 
different (P <0.05). DMI: Dry matter intake, OM: Organic matter, CP: Crude protein, CF: Crude fiber, EE: Ether Extract, NDF: Neutral detergent 
fiber, ADL: Acid detergent lignin. 
72| VOLUME 78 ISSUE 2 | NOVEMBER 
Nutrient digestibility was improved when different crop residues (cotton stalks, bean straw, wheat straw and 
maize stover) were treated with EM (Abera et al. 2018; Yanti and Yayota 2018). Also, Salem et al. (2013) stated that 
orange pulp treated with probiotics increased digestibility. Adding probiotics on feed or ensiled rice straw resulted 
in more fiber degradation (Gado et al., 2013). Saleh (2012) reported that microbiological treatment of sugar pulp 
had positive effects on oxalate and fiber degradations. However, enhancing of the nutrient’s digestibility could be 
related to increasing the digestion of fibrous material but also to the increased bacterial digestion of cell wall content 
(Hassan et al., 2011). Generally, lower cell wall components and higher CP content of by-products treated with EM, 
probably led to the higher digestibility of lignocelluloses. 
Reducing in the digestibility of OM, CP, CF and ADF may be associated with problem of palatability of OC 
(Abbeddou et al., 2011). JM is characterized by its high content of tannin and fiber in particular lignin, which 
decreases digestibility (Spanghero et al., 2009). Tannins are characterized by binding to plant proteins so it led to 
less protein digestibility, and sometimes cell wall carbohydrates reduce the digestibility (Bressani, 1987). As, EM 
consisting of three major groups including Lactobacillus bacteria (Lactobacillus plantarum) which is one of 
microorganisms who may degrade tannin by producing the enzyme tannin's (Osawa et al., 2000). So that why JM 
showed the less results for DMI as well nutrients digestibility due to the presence of tannins which reflect on both 
intake and digestibility. 
 
Rumen fermentation 
Rumen fermentation parameters are presented in Table 6. In general, there were elicited significant alterations 
in the pH, NH3 concentration and TVFA's among EM-Bokashi experimental diets. Rumen fermentation could be 
improved due to EM supplementation (Woju, 2012). It was clear that higher (P <0.05) pH value, NH3 –N 
concentration, propionate and butyrate proportions were observed for JM and SBP compared to other Bokashi 
rations. Unlike our study, Saleh (2012) showed that treated sugar beet leaves with probiotic have the lowest values 
of pH. The decreased of NH3 in the three other groups is probably associated with a decrease in protein degradability 
because it is generated from protein degradation (Marcos et al., 2019). NH3 is the preferable substrate for 
cellulolytic and methanogenic bacteria. Meanwhile, they had less (P <0.01) TVFA's, acetate and acetate/propionate 
ratio as well. While Bokashi of GS, OC and CtP had better (P <0.01) TVFA's concentration, acetate and A/P ratio, but 
less (P <0.01) butyrate proportion. Polyphenols as tannins had an important effect on metabolism processes in 
ruminant. Tannins in GS or OC hold proteins and inhibit the extent of their ruminal fermentation and NH3 production 
and increasing N utilization (Toral et al., 2011). This trend is in line with the report of Abarghuei et al., (2014) who 
observed a decrease in the rumen fermentation and NH3 production when tested polyphenols on rumen inoculums 
of sheep.  
As mirrored by VFA profiles, values of total VFA production agreed well with gas production parameters. Data 
in Table 5 showed an increase in propionate concentration that leads to a decrease in the acetate to propionate 
ratio. The present study stated that compared to Bokashi from SBP, GS, OC and CtP supplementation with EM-
Bokashi from JM significantly increased butyrate and propionate production (Table 6).  
Conversely, JM Bokashi reduced the ruminal acetate proportion compared to other groups. Additionally, in the 
present study, the acetate to propionate ratio increased with using CtP in comparison with other groups. While, 
reduced acetate:propionate ratio by SBP and JM. CtP contains pectin which are degraded very fast causing a 
decrease in rumen pH. Its high pectin energy sources, probably increased the molar proportion of acetate and 
declined the molar proportion of propionate hence, an increase acetate/propionate ratio.  The use of CtP has been 
related to useful effects on ruminal fermentation (Sen et al., 2011).  One of microbes which produces pectinase using 
pectin in citrus peel as the sole carbon source are Bacillus spp. (Matsumoto et al., 2000). There was a negative 
correlation between the CH4 production and propionate that may be attributed to their competition for hydrogen.  
 
Table 6. Rumen liquor parameters of sheep fed the experimental diets 
Items 
Bokashi 
SEM P Value 
SBP GS OC CtP JM 
PH 6.41 a 6.29 c 6.39 b 6.31 bc 6.48 a 0.09 0.004 
NH3- N (mg/dL) 9.84 b 9.26 c 9.29 c 9.05 c 10.32 a 0.25 0.001 
TVFA's (mM) 7.85 b 8.06 a 8.01 a 8.14 a 7.16 c 0.19 0.001 
Acetate (mol/100 mol) 59.06 b 59.42 b 59.31 b 60.37 a 58.56 c 0.41 0.007 
Propionate (mol/100 mol) 19.47 a 18.44 b 18.57 b 18.25 b 19.59 a 0.36 0.019 
Butyrate (mol/100 mol) 8.04 b 7.79 bc 7.88 b 7.72 c 8.37 a 0.15 0.027 
Acetate:propionate ratio 3.03 c 3.22 ab 3.19 b 3.31 a 2.99 c 0.09 0.033 
SBP: Sugar beet pulp treated with EM-Bokashi, GS: Grape seeds treated with EM-Bokashi, OC: Olive cake treated with EM-Bokashi, CtP: Citrus 
pulp treated with EM-Bokashi, JM: Jojoba meal treated with EM-Bokashi. a, b and c means within rows with different superscripts are significantly 
different (P <0.05). 
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 This difference could be due to the variation in the activity of secondary metabolites within a given Bokashi 
source. In summary, the tested Bokashi manipulated the rumen fermentation characteristics but at varying extents. 
Differences in the properties and chemical structures of EM-Bokashi might underlie this discrepancy. Treatment of 




In conclusion, chemical composition, nutrients digestibility and fermentation kinetics varied largely across the 
by-products treated with EM-Bokashi. Results suggest that EM-Bokashi (citrus pulp and grape seeds) is suitable for 
improving chemical composition, increasing digestibility and rumen fermentation. In contrast, EM-Bokashi (jojoba 
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